1. Introduction
===============

Childhood pneumonia is an important cause of morbidity in the developed world, and morbidity and mortality in the developing world. Community-acquired Pneumonia is a major cause of morbidity and mortality in children less than five years old. The World Health Organization (WHO) estimated that lower respiratory tract infection (LRTI) is responsible for approximately 20% of deaths in children less than five years old, worldwide, 90% of which is pneumonia ([@b1-epj-09-4880]). The highest mortality from childhood respiratory infection is seen in resource-limited countries and in children younger than 24 months of age ([@b2-epj-09-4880]). Diagnosis of community-acquired pneumonia is primarily based on the physical examination and history of the patient, and when needed, knowledgeable use of chest radiographs and laboratory tests ([@b3-epj-09-4880]). In order to deal with early onset of pneumonia, a search for new diagnostic markers is imperative, particularly as there is no widely-used scale that exists to rate CAP severity in children, and the most recent set guidelines concerning indications for hospitalization, are dependent upon general opinion rather than on evidence-based medicine. Copeptin, which is a peptide of 39 amino acids, is the C-terminal component of pro-Arginine vasopressin (AVP) which is discharged along with AVP as the precursor peptide is processing ([@b4-epj-09-4880]). Evidence shows copeptin to be more superior to cortisol in determining stress levels, as cortisol is further downstreamed in the stress response, has a strong circadian rhythm and is also difficult to measure as a free hormone ([@b5-epj-09-4880]). Copeptin has an active role in pneumonia and respiratory illness and it is superior to traditional inflammatory markers in patients with community-acquired pneumonia ([@b6-epj-09-4880]) This novel biomarker seems useful in predicting severity and complications in severe pneumonia in adults ([@b7-epj-09-4880], [@b8-epj-09-4880]), but very few studies have explored the predictive value of these markers in children ([@b9-epj-09-4880], [@b10-epj-09-4880]). Our objective was to assess the role of copeptin as an early predictor of severity of community-acquired pneumonia.

2. Material and Methods
=======================

This was a prospective case-control study which included eighty children who attended Minia University Children's Hospital during the period from January to December 2016. Their age range was 2 months to 42 months and they were classified into two groups: Group 1) 40 children with clinical and radiological evidence of pneumonia, Group 2) forty apparently healthy children who attended for non-respiratory problems or serious medical condition. Any child below 2 months and above 42 months, children with chronic respiratory illness, dehydration or over hydration, any suspicion of CNS disorder (trauma, infection or increased intracranial pressure due to any cause), patients who had been hospitalized and treated for two or more days prior enrollments in the study, and patients' guardians who refused to participate in the study, were all excluded. All patients were subjected to full history taking, thorough clinical examination and radiological imaging by chest X-ray. All enrolled children were subjected to complete blood counts (CBC), quantitative C-reactive protein (CRP), arterial blood gases (ABG), and serum copeptin by a commercial enzyme linked immunosorbent assay (ELISA) kit (WKEA MED SUPPLIES catalog. No WH-1768). Pediatrics Respiratory Severity Score was calculated for each patient. Patients with a score of 0--1 were considered mild pneumonia, 2--3 moderate pneumonia, while patients with a score of 4--5 were considered severe pneumonia ([@b11-epj-09-4880]). The study was revised and approved by the scientific ethical committee of the faculty of medicine Minia University. Informed written consents were documented from all children's guardians. Two ml of venous blood was withdrawn and allowed to clot for 10--20 minutes before centrifugation for twenty minutes at 2000--3000r.p.m remove supernatant, if precipitation appeared, centrifuge again for copeptin assaying commercial enzyme linked immunosorbent assay (ELISA). Another 2 ml of venous blood was withdrawn on EDTA for CBC, serum sodium and C reactive protein assay. Another micro sample of arterial blood on heparinized syringe was withdrawn for arterial blood gas (ABG) assaying. Data were analyzed by SPSS version 13 (SPSS Inc., Chicago, Illinois, USA), using descriptive statistics, Chi-Square, Fisher Exact Test, Independent-samples t-test, and Spearman's correlation.

3. Results
==========

Demographic, clinical and laboratory data of the studied groups are illustrated in [Table 1](#t1-epj-09-4880){ref-type="table"}. Also, the Correlation between serum copeptin and clinical data in CAP patients is presented in [Table 2](#t2-epj-09-4880){ref-type="table"}. In the present study, there were significantly higher vital signs (heart rate, respiratory rate and temperature) were found in pneumonic patients when compared to controls (p=0.001, 0.001, 0.034 respectively). In CAP patients, 2 patients (5%) presented with RD I, 15 patients (16%) had RD II, 18 patients (47.5%) had RD III and 5 patients (12.5%) were presented RD IV. PRESS was moderate in 25 patients (63%) and, severe in 15 patients (37%). Serum copeptin was significantly elevated in pneumonic patients compared to healthy ones (p=0.001). There was a significantly higher level of copeptin level in non-survivor patients (p=0.01) compared to survived patients. There was significantly positive correlation between copeptin and PRESS (p=0.002). Regarding laboratory results, there was a significantly increased total leucocytic count and CRP (p=0.001 for both) and a significant decrease in O~2~ saturation and PaO~2~ (p=0.001, 0.002 respectively) compared with controls. Apart from significantly positive correlation between serum copeptin and total leukocyte count that was found (p=0.02), no significant correlations were found with other laboratory variables. ROC curve ([Figure 1](#f1-epj-09-4880){ref-type="fig"}) showed area under curve (AUC) of 0.62, with copeptin cut-off point of 527 pg/mL having sensitivity and specificity of 70% and 85%, respectively, for diagnosis of pneumonia.

4. Discussion
=============

Pneumonia in children under 5 years of age is the major cause of mortality, and most of the cases involve community-acquired pneumonia (CAP) ([@b12-epj-09-4880]). In non-infectious diseases such as stroke, copeptin was proved to be a marker of severity. Copeptin also showed encouraging indications as a prognostic marker in CAP. This was proposed in a review by Katan et al. on adults with ventilator-associated pneumonia ([@b5-epj-09-4880]), and in a study in Switzerland by Müller et al. on lower respiratory tract infections ([@b13-epj-09-4880]). In later studies, copeptin levels were significantly lower in survivors. In the present study, serum copeptin levels are somewhat higher in pneumonic patients. This is in agreement with Du et al. ([@b14-epj-09-4880]) where median copeptin levels were much higher in children with pneumonia compared with healthy volunteers, and in that area, the present study confirmed those data. Also, Wrotek ([@b15-epj-09-4880]) and Jochberger et al. ([@b16-epj-09-4880]) reported that copeptin concentrations were significantly higher in ICU patients compared to controls. In pneumonia, gas exchange in the lungs causes changes in the AVP system ([@b17-epj-09-4880]). Copeptin is co-synthesized with AVP, it is found equally with AVP in the circulation, increasing copeptin concentration., Copeptin concentration was found to increase with the disease severity in those diseases. Copeptin is an independent predictor of mortality in VAP ([@b18-epj-09-4880], [@b19-epj-09-4880]). Serum copeptin concentration of the grade V patients was significantly higher than those of the grade IV patients, grade I -- III patients and the control group. Copeptin increases with more respiratory effort ([@b20-epj-09-4880]). Du et al ([@b14-epj-09-4880]) reported that copeptin is known to reflect the severity of pneumonia and it seems to correspond with complications of pneumonia in children. However, his study failed to confirm this observation, as it found no correlation between copeptin and pneumonia severity based on clinical and laboratory features. Copeptin concentration is affected according to the survival status and it was significantly elevated in non-survivors. In CAP, copeptin was an independent predictor of this disease, and may provide additional information about the severity of disease. Regarding due elevated NPV, copeptin gives scant evidence about predicting the etiology of CAP, despite its reliable prognostic value, because there is sizeable overlap in copeptin values among patients with varied etiologies of pneumonia ([@b21-epj-09-4880]). Krüger et al. expressed that it was clinically important to consider antibiotic therapy for accurate analysis of copeptin concentration along with concentration of other inflammatory biomarkers in CAP, because patients who survived that were treated with antibiotics, displayed considerably lower copeptin values in comparison to non-survivors, which can be explained by the reduction of circulation damage caused by sepsis ([@b18-epj-09-4880]). For patients with acute exacerbation of COPD, concentration of elevated copeptin predicts the final outcome, and acts as a risk factor for long-term clinical failure, irrespective of the patient's age, comorbidity, hypoxemia or functional pulmonary disorder ([@b22-epj-09-4880]). Comparing copeptin values in several etiologies of lower respiratory tract infections, Müller et al. conveyed that concentration of copeptin in patients with acute bronchitis and acute exacerbation of COPD was significantly greater in comparison to the control group. It was also revealed upon further examination, that there was no difference in copeptin concentration between acute bronchitis and acute exacerbation of COPD. Furthermore, patients who were diagnosed with CAP were proven to have the highest copeptin concentration. It is probable that merely a slight elevation of copeptin concentration in acute bronchitis and acute exacerbation of COPD reflects localized infection compared to the control group ([@b13-epj-09-4880]). Determining dyspneic patients at the highest risk for adverse outcomes is problematic because acute dyspnea can regularly occur for a number of reasons such as pulmonary, cardiac, or inflammatory causes ([@b23-epj-09-4880]). In these patients, copeptin secretion is probably connected with three possible mechanisms. Firstly, AVP released in heart failure is mainly driven by inadequate filling of arteries which activates the carotid sinus and aortic arch baroreceptors. Secondly, in severe COPD, AVP has a vasoconstrictive effect which is induced by hypoxia. Elevated concentration of AVP can compensate for the inadequate regulation of V1 receptors after exposure to ongoing hypoxemia. Finally, copeptin is significantly elevated in bacterial infection and febrile conditions ([@b23-epj-09-4880]). Our study revealed a significant positive correlation between serum copeptin and total leukocyte count of cases (p=0.02). It seems that further studies on a larger scale are warranted to delineate the actual clinical utility of serum copeptin in diagnosis and prognosis of pediatric pneumonia. The limitations of the present study are the small sample size and the lack of work-up for viral and bacterial pneumonias.

5. Conclusions
==============

In the present study, elevated copeptin was detected in children with pneumonia. Significantly higher levels were found in non-survivors than in survivors and levels are higher in children dying of the disease. The level of copeptin in pediatric pneumonia may predict adverse results.
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###### 

Demographic, clinical and laboratory data of the studied groups.

  Clinical data           Laboratory data                                                                                                           
  ----------------------- ----------------- ------------- ------------------------- ---------------------- ---------------- ------------- --------- -------
  Mean age (months)       12.6±8.6          20.5±16.1     0.3                       Mean CRP               33±40.8          7±0.5         0.001     
                                                                                                                                                    
  Sex: Male               23 (57.5)         28 (70)       0.2                       Mean Hb level          10.1±1.3         10.8±1.5      0.01      
  Female                  17 (42.5)         12 (30)                                                                                                 
                                                                                                                                                    
  Residence               Rural             46%           \-\-\-\-\-\-\-\-\-\-\--   \-\-\-\-\-\--          Mean TLC x1000   12.3±4.1      7.2±2.3   0.001
                                                                                                                                                    
  Urban                   54%                                                                                                                       
                                                                                                                                                    
  Smoking in family       25 (60)           7 (15)        0.002                     Mean PLTx1000          414.5±147.7      296.1±125.1   0.001     
                                                                                                                                                    
  Mean Weight (kg)        6.72± 2.89        7.83±3.26     0.111                     Mean HCO~2~            16.1±6.03        22.9±3.1      0.001     
                                                                                                                                                    
  Mean Heart rate (min)   141.4±18.4        102.6±14.7    0.001                     Mean PCO~2~            35.1±12.9        36.9±4.9      0.4       
                                                                                                                                                    
  Mean RR (min)           55.5±10.3         30.60±5.65    0.001                     Mean O~2~ saturation   84.9±14.3        97.7±2.1      0.002     
                                                                                                                                                    
  Mean temperature (°C)   38.55±0.62        37.29±0.2     0.034                     Mean PaO~2~            63.8±19.8        87.9±6.6      0.001     
                                                                                                                                                    
  Mean serum Copeptin     985.7±619.1       519.5±308.2   0.001                     Mean PH                7.3±0.1          7.3±0.07      0.09      

###### 

Correlation between serum copeptin and clinical data in CAP patients.

  Clinical variable                               Serum Copeptin   
  ----------------------------------------------- ---------------- ---------
  Weight (kg)                                     0.175            0.274
  Heart rate (/min.)                              − 0.017          0.918
  Respiratory rate (/min.)                        − 0.069          0.668
  Temperature (°C)                                − 0.104          0.516
  Respiratory distress (I, II, III, IV)           0.151            0.346
  PRESS (Pediatric Respiratory Severity Score).   0.220            0.002\*
